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ABSTRACT: Shells and shell fragments were the principal constituents of the core sediment taken from Lake 
Mariut. Their trace metals were studied to assess their contribution to environmental adjustment. The results 
indicated that the shells of Biomphalaria alexandrina, Mercierella enigmatica and Melanoida tuberculata 
contain higher amounts of Cu and Zn than the widely distributed shells of Lucina sp. and Cerastoderma edule. 
The Pb contents found in different types of shells were higher than the other metals. The Cd contents found in 
different shell types were the most important fraction in comparison to the total Cd in the sediments of the lake. 
The relationship between the concentrations of trace metals and mineralogical analysis revealed that lead 
tended to be more concentrated in aragonite than in calcite. 
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INTRODUCTION 
Lake Mariut is one of the Nile delta lakes situated along the Mediterranean coast of 
·Egypt (31°l0'N, 29°55'E). It differs from other coastal lakes in being disconnected from 
the sea. The water supply feeding the lake is derived from different sources. It mainly 
comes from the El-Umum drain, followed in importance by the Qalaa drain, rainfall, 
sewage and industrial wastes in addition to the seepage of underground water from the 
surrounding area. 
The lake is artificially divided into four regions by the Alexandria Cairo desert road, 
the El-Umum drain and the Nubaria navigation canal (Fig. 1). These are the following: 
Fish farm, South-Western basin (S.W.),South-Eastern basin (S.E.) and the main basin. 
The lake proper (6000 feddans); which represents the main basin, is heavily polluted 
with sewage and industrial wastes plus agricultural drainage from the Beheira and 
Alexandria governorates. 
The bottom of the lake is enriched with shell and shells fragments of lamellibranchs, 
gastropods, calcareous tube worm~ and plant detritus. Tl!e sand represents the 
calcareous shells andshell fragments _of other groups (Saad, 1971). The bottom is 
composed of a complex of sand-silt-clay, greyish to blackish grey iri. colour and with a 
smell of hydrogen sulphide. . 
Calcium carbonate contains a considerable number of trace elements whose 
concentrations exceed one ppm. The chemical position of a carbonate reflects the 
incorporation of various cations and an ions into the calcium carbonate structure. The 
Molluscan shell consists of three different layers, the outer layer of shell is usually a 
chitinous (periostracum), the middle layer is formed of CaC03 and the inner layer is 
calcareous (nacreous layer). The outer layer covers the whole surface of the shell, is 
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Fig.2. Types of shells in the core samples from Lake Mariut sediments. 
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organic, having a protein- base, layers of organic matrix between the crystalline layers 
give. The shells increased flexibility needed in environmental stresses (Wain Wright, 
1969) and starts out as a single homogenous layer. The remainder of the shell is formed 
mainly of calcium carbonate. Calcium ions from the environment are transported in the 
molluscan blood stream to the mantle (encloses the soft parts) and then excreted into a 
fluid between the mantle and the shell. Here is produced the calcium carbonate that is 
absorbed by conchiolin, the protein matrix which is also secreted by the mantle. The 
concept of Mollusca shell calcification have been studied by Wilber ( 1964) and Kennedy 
and Taylor (1969). Calcification probably involves a template_ phenomenon in. which 
some charged proteins attract Ca++ and others attract C03--, Towe and Hamilton. (1968) 
suggested that this process is a key to an electrochemical reactions. There are many 
factors which play an important role in the elemental composition. of carbonate such as 
the environment, mode of living, biochemical, physiological and the most important 
parameter in determining the elemental composition of carbonate is its mineralogy. The 
carbonate mineralogy is partly dependent upon the mode of precipitation (Template 
Theory). 
The objectives of our study were to determine the concentration of trace metals 
accumulation in different types of shells in lake sediments because the sheHs are 
considered to be principal constituent of these lake sediments. Molluscas shell contents 
of trace metals are discussed. In addition the different species and mineralogical analysis 
to their environmental effects as well as to their mineralogical composition. 
MATERIALS AND METHODS 
Shells were collected from seven core sediments of Lake Mariut. These shells were 
stratified in the core at different depths. They were washed several times with distilled 
water to eliminate any surficial impurities. Figure 2 illustrates the various types, 
identified which are described below: 
1. Melanoida tubercula~a 
The shell size reached to 2 em in length, takes on a high spiral shape, wide anterior 
notch prolonged into a very short canal, the lip has a thin. sharp edge, the operculum is 
horny and has an apical nucleus. Sculpture consists of thin. spiral lines, faintly incised 
and often irregularly spaced on thin ridges. The colour is white with brown spots 
arranged on the spiral parts. Found on. fine sands and muddy bottoms. 
2. Biomphalaria alexandrina 
The shell is very thin and reached to l-1.5cm in diameter, spherical high spire 
multispiral with central nucleus. Aperture lip is thin and sharp. Structure is coiled into a 
flat spiral with separated whorls, the surface is smooth and glassy. This species has a 
cavity that passes through the center apertures. 
3. Cerastoderma edule 
Shell size, reached up to 4--:Scm long. Valves are thick and moderately convex, 
equivalve. Shell margin is toothed outside. The colour is white or with yellowish 
patches, tending to pink at valve margins. Sculpture consists of radial ribs. The 
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posterior ligament is embedded between the valves. It is found in sand, muddy sand, 
rpud or muddy gravel and it is common in sandy bays and estuaries of rivers. It is fished 
commercially at various places with a wide geographical distribution. 
4. Lucina sp. 
Shell is solid, equivalve and white in colour with concentric strips. It's s~ze reached 
up to 2.5cm in .diameter. Found in sand from shallow to deeper water, occurred in the 
Mediterranean Sea, Atlantic. 
5. Mactra corallina 
The shell is very thin, globular, semi-transparent and glassy. The valves are of equal 
size, the beaks considerably forward from center. The color is white and covered with 
calcareous materials. Concentric growth lines are visible, the lower margin is 
moderately convex. Found in sand rarely in muddy sand and occurred in the coast of the 
Mediterranean Sea, Atlantic and North Sea. 
6. Mercierella enigmatica (tube worms) 
Body composed of thin tubes. The colour is darkis]l white. There is no operculum 
the dominant species in the core sediments. Although small numbers of Mollusca sp. 
were found (Buccinum reticulatum, Bellamyia unicolor and Barnacle shell). 
After identification, powdered samples of the shells were divided into two parts. 
The first w<_ts subjected to X-ray diffraction to determine the mineralogical composition. 
X-ray diffractograms were obtained using a Philips 1840 unit with a copper target and 
nickel filter: The second portion was treated with 3ml of concentrated HCI to ensure the 
dissolution of all elements and then diluted with deionized water to 25ml in a volumetric 
flask.· The concentrations of Cu, Zn, Pb and Cd were measured using a Perkin Elmer 
2380 Atomic Absorption Spectrophotometer. 
RESULTS AND DISCUSSION 
COPPER: 
The copper concentration in the different shell types (Table 1) ranged from 2Jlg/g in 
core 6 at 60-90 em depth to a maximum of 45Jlg/g in core 4 at 0-90 em depth. The 
results demonstrate that the shells of Biomphalira alexandrina, Mercierella enigmatica 
and Melanoida tuberculata contain higher levels of copper (32, 23 and 14 ppm, 
respectively) than the widely distributed shells of Lucina spp. and Cerastoderma edule 
(averages were 7 and 6 Jlg/g, respectively). The large amounts of copper discharged in 
to the lake through agricultural, domestic and industrial wastes increased the copper 
contents of the shells. Mitterer (1968) showed that all carbonates contain a matrix of 
protein and amino acids. Shell nucleation involves the coordination of Ca ions to free 
carboxyl groups of acidic amino acid residues in the matrix protein (Jackson and 
Bischoff, 1971 ). The differences in the ratio of protein compounds from one species to 
another may affect their elemental composition. Milliman (1974) showed that the 
concentration factor for many elements such as Cu and Ni is near unity, that is 
partitioning of these elements relative tci calcium appears to be minor. Ramadan 
~ ,..; .5.'=l Q) ,J:i C/J § u .E:l ] t:1 <!) ~ @ C/J .s 'e u 'e § If ~ d u 4-< 0 t::: 0 ·~ :l .0 ·s C/J 0 ......; tj ..... 'll -§ :e 0 
DE
PT
H 
(e
m
) 
60
·9
0 
90
-1
20
 
0-
90
 
A 
I 
Zn
 
Cu
 
63
 
! 
37
 
57
 
! 
35
 
SH
EL
L 
TY
PE
 
B 
c 
Pb
 
! 
cd
 
Zn
 
Cu
 
I 
Pb
 
I 
cd
 
I 
Zn
l 
Cu
 
I 
CO
RE
 l 
(M
ain
 B
as
in
 ) 
13
6 
! 
12
 
2
2
1
6
1
1
1
7
1
6
 
17
 
B 
14
5 
i 
11
 
I 
32
 
I 
6 
I 
16
4 
I 
16
 
19
 
8 
CO
RE
 3
 (M
ain
 B
as
in
 ) 
I 
I 
I 
I 
I 
I .
 
).1
 
j
.
 
D
 
Pb
 
I 
cd
 
Zn
 
i 
Cu
 
Pb
 
cd
 
! 
Zn
 
52
 
i 
11
 
46
 
20
 
15
9 
i 
16
 
99
 
II 
55
 
12
 
13
6 
I 
16
 
I 
10
9 
,
 
I 
! ·
 
I 
I 
C
O
R
E4
(M
ain
Jb
sin
) 
I 
I 
T
-
~-
--
-~
 
i 
0·
90
 
I 
:~o 
16
 
I 
so
 
I 
6 
I 
I 
I 
I 
I 
n
 
I 
u
 
I 
90
 
I 
' 
I 
21
 
I 
8-
i 
s2
 
1 
o
 
: 
47
 
I 
I 
C
O
R
E 
5 (M
afn
 Ba
si
n)
 
-
-
-
r-
-1
 -
-
-
T 
I 
·
10
-4
$ 
47
 
; 
4 
so
 
I 
n
 
I 
n
 
I 
"
 
I 
31
 
I 
u
 
I 
n
 
I 
4 
I 
sz
 
I 
a 
1 
37
 
8 
80
 
8 
i 
5_2
 
41
).70
 
j 
i 
i 
T 
! 
31
 
I 
4
1
 
99
 
I -
17
] 
33
 
I 
8 
I 
10
8 
I 
5 
I 
24
 
4 
80
 
11
 
I 
15
5 
! 
14
 
! 
_
_
 
70
-1
10
 
I 
! 
t 
I 
34
 
J 
4
l 
16
4 
ll
i-
[ -
:ii
 l 
8 
! 
!6
4 
I 
11
 
I 
48
 
.
 
i 
I 
CO
RE
 6
 ( M
ain
 B
as
in
 ) 
1 
I 
I 
I 
25
 
0-
10
 
f -
1 
I 
I 
' 
17
 
10
 
,
.
 
54
 
I 
6 
I 
I 
I 
-
~
-
-
, 
E 
Cu
 
Pb
 
I 
cd
 
J I 
45
 
83
 
I 
6 
I 
16
 
·
 
1s
s 
I 
14
 
; ~-
Jo 
l 
: 
i 
23
 
' 
I 
s9
 _ 
I 
' 
i 
I 
I 
I 
1 
I 
I 
I 
I 
1 
I 
t-
~-
60
 
I 
I 
I 
t6
 
-
~-
I 
I 
I 
I-
! 
I 
60
-9
0 
i 
I 
' 
17
 
! 
L 
I 
I 
I 
I 
i 
I 
I 
\ 
I 
CO
RE
 9
 ( M
ain
 B
as
in
 ) 
\ 
I 
\ 
I 
I 
I 
30
-6
0 
I 
! 
I 
; 
21
 
1-
4~
! _
43
 _
 ! 
s 
I 
n
 
_
4 
: 
15
5_
 
1_
9_
 ! 
48
 
33
 
! 
1o
o 
[
'n
 [
' 
f 
I 
60
-9
0 
: 
~ 
2
4
--
,-
.
.
 -
~
 -~
J6 
i 
,
 
1 
23
-~
-4
-r
 
m
 
r 
9 
,
 
42
 
1 
s 
1 
14
6 
r-u
 1
 
r 
1 
90
-IJ
O
 
l 
1 
z
s 
! 
a 
1 
6l
 
i 
,
 
1 
:ts 
"
 
13
6 
: 
9 
I 
' 
1 
1 
1 
.
I I 
I 
CO
RE
 1
4 
(M
ain
 B
as
in
) 
! 
: 
i 
i 
I 
I 
I 
0-
10
 
i 
31
 
i 
12
 
90
 
j 
8 
! 
28
 
tO
-lO
 
! 
i 
i 
.
 
i 
35
 
i 
ll
 
10
8 
1 
9 
i 
:n
 
3
0
~
 
\ 
: 
1 
n
 
' 
1 
1
2
7
\3
! 
Ra
n~
 
34
).6
] 
: 
+
37
 
I so
.t
45
 i 
6-
u 
! 1
~3s
 ! 
z
.u
 
31
-1
64
1 
3-
17
 
I 1
7-
34
 
AV
E.
 
i 
49
 
i 
:z:
s 
) 
11
0 
I 
111
 
I 
26
 
I 
6 
95
 
I 
II 
; 
25
 
S.
D,
 
I 
;t1
4 
I 
;1:
16
 
! 
;!;3
5 
I 
:t
l 
I 
;t
6l
 
I 
,:
;JI
 
I 
±
41
1 
:t4
 
I 
±
5 
·
 
A::
 M
er
cie
re
lla
 en
.ig
ma
tic
a 
D
 : 
M
e.l
an
oid
a t
ub
er
cu
lat
a 
B
 : 
Ce
ra
sto
de
rm
a 
~
 
E 
: B
io
m
ph
ala
ria
 al
elW
J.d
rin
a 
! 
l2
 
89
 
: 
6 
: 
I 
' 
11
 
I 
s 
1 
i 
i 
i 
33
 
l 
7 
; 
43
 
4-
12
 
! 52
-1
64
 i 
(1..
11 
i 2
4-
55
 i 
'4
-3
3 
/4
3-
15
9 
5-
16
 
47
-5
1 
I 1
6-
IS
 
r 
i 
10
4 
I 
a 
I 
4o 
i 
14
 
: 
1o
s 
11
 
I 
49
 
i 
31
 
;t
3 
i 
;!:
37
 
.
t2
 
l 
:t
ll
 
/ 
;;t;
IO
 
: 
;!:4
5 
±4
 
.
t4
 
I 
.
t2
l 
C
: L
uc
in
a 
§p
 
BJ
..!S
S 
\ 
6-
14
 
11
9 
i 
10
 
;!;5
1 
j 
;t6
 
~ ·~ ~ ~ 1--l tl C/J <!) j C/J ~ u t::: '"' C/J -Q) ~ 4-< 0 C/J <!) ~ ..... @ ~ 4-< :.a t::: ..... ~ s '--" <J) 'C':l ...... <!) C/J
 
s 
<
!) 
<U
P. ~ ~
 
f-1
 
C/
J 
~
 
Cl.l
 i ~ 
no Pakistan. Joumal of Marine Sciences, Vol5(2), 1996 
and Shata (1993) found that the copperlevel in the shell of Anadara diluvii varies from 
25 to 54 ppm with a mean value of 37 ppm. They suggested that the lowest 
concentration of C~ in seawater may be attributed to its uptake through biological 
activities. The copper concentration in the shell of pelecypods Pecten maximus and 
Modiolus modiolus were 0.009 and 1.9 ppm, respectively (Milliman, 1974). 
ZINC: 
Zinc was similar in distribution copper in the shells of the different species. Higher 
concentrations of zinc are found in B. alexandrina (49 !!g/g), M. engimatica (49 11g/g) 
and M. tuberculata (40 11g/g) on the average. A lower average value of 26 J.l.g/g was 
found in both of the Lucina sp. and C. edule. The results in Table 1 show that zinc 
content of shells ni.ng~d from 16!!g/g (C. edule) in core 6 at 30-60 em to a maximum of 
63!!gig in core 1 at 60-90 em (M. enigmatica). This level is considered low .if compared 
to the zinc level (69 to 325 !!gig) recorded by Ramadan and Shata (1993) in the shell of 
Anadara diluvii, that it was collected from the beach extending from Port Said region 
along the Egyptian Coast on the Mediterranean Sea. 
LEAD: 
The results (Table 1) i~dicate that considerably large amount of lead was found in 
the different types of shells. There were slightly differences in concentration between 
the different types. The shell lead contents are considerably higher than other metals. 
Trace metals were in the d-escending order of Pb, Zn, Cu and Cd. The average 
concentration of lead ranged between 95 !!gig in C. edule and 119 11gig in B. 
alexandrina. Milliman (1974) showed that lead tend to be concentrated relative to 
calcium. He mentioned that lead within carbonates and most organisms accumulates 
over 100 times relative to calcium. Ramadan and Shata (1993) showed that the lead 
concentration (recorded in the shell of Anadara diluvii) varied from 130 to 160 ppm with 
an average of 141 ppm. 
CADMIUM: 
The average value of cadmium of different types of shells (Table 1) ranged from 8 
!!gig for Lucina sp. to 11 !!gig forM. tuberculata. The minimum concentration (3 !!gig) 
was in core 14 at 30-60cm and the maximum (l71!gig) in core 5 at 40-70cm depth. 
The cadmium from the different types of shells represent most of the total 
concentration in the sediments of the lake. It ranged between 2.97 and 15.39 !!gig 
(Okbah, 1995). This may be due to the substitution of Cd for Ca because of their similar 
ionic radius (1.03 N for Cd and 1.08 N for Ca). The analytical results of El-Sayed 
(1993) on the ditribution of heavy metals in core sediments from Lake Edku revealed 
that calcareous shells are the favourite sites for Pb and Cd. 
Elsokkary (1990) showed that 22.5% of cadmium was associated with the carbonate 
fraction in the sediment of the River Nile: He suggested that carbonates may be an 
important sink for Zn and Cd in the aquatic environment when the solid carbonates occur 
as a major component in the fine-grained fraction of alluvial sediments. The distribution 
of trace metals especially Pb and Cd, in the different species of the shells showed that the 
sediments of Lake Mariut are highly polluted (Okbah, 1995). 
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MINERALOGICAL COMPOSITION: 
Large amounts of calcareous shells and sheU fragments are found in the deeper 
layers of Lake Mariut sediments. The smaller amounts of calcareous substances found in 
the surficial sediments of the lake may be due to unfavourable growth conditions 
(Okbah, 1995). 
A homogeneity of the mineralogical composition was found for the different types of 
shells collected from the lake sediments. X-ray diffractograms (Fig.3) illustrate the 
mineralogy of the shells of C. edule, Lucina sp. and M. tuberculata which are entirely 
composed of aragonite (more than 94% )~ The shell of M. enigmatica is composed of 
calcite (76%) and 24% of aragonite. 
Milliman (1974) and Folk (1974) suggested that the presence of Mg++ in solution, 
high water temperature 20-30°C, high pH, presence of some organic compounds and 
possibly Ba++ and Pb++ ions are importance for the formation of aragonite. The higher 
Melanoid a 
tuberculata 
Arg 
Arg 
Lucina 
.sp. 
C eras toderma 
edula 
Arg 
Arg 
40 36 36 34 32 30 26 26 
Fig.3. X-ray diffractograms of the studied species. 
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concentration of trace metals especially Pb and Cd in the wall structure of the collected 
molluscan shells reflect the quantity of these elements in the growth environment of 
these organisms. Abdel Aal (1988) showed that the shells of Unio pictorum and 
Corbicula angasi are completely composed of aragonite. X-ray diffraction of Anadara 
diluvii shell proved that it is entirely composed of aragonite during its all of life stages 
(Ramadan and Shata, 1993). This agrees with our results, which indicate that most of the 
shells of different species from the sediments of Mariut Lake are formed of aragonite. 
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